Rhizobium japonicum and Azotobacter chroococcum are known to be symbiotic and non symbiotic nitrogen fixing strains respectively. The main aim behind mixed inoculation is to achieve enhanced nodulation and grain production using gum as carrier rather than lignite . Lignite is not efficient in holding moisture due to which shelf life of bio-fertilizer decreases and cause pollution in production area. Worker in production area suffer from lungs diseases. To study the effect of inoculation with a mixed culture on yield of soybean was undertaken under field condition by random block method. Rhizobium japonicum, cultures were grown and maintained on yeast extract agar medium and Azotobacter chroococcum was grown on Jensen medium. Field trial was carried out by the seed treated with bacterial suspension having 10 9 cells /ml. The present findings revealed a significant increase in nodulation and grain yield in mixed culture with gums of both the strains against their control and inoculums in conventional carrier lignite. The effect observed after yield of crop the increase in grain yield around 42%. Present investigation confirms beneficial effects of mixed gum inoculum of Rhizobium japonicum and Azotobacter chroococcum against inoculums in lignite and single culture. The synergistic effect on crop yield is due to the various growth promoting substances like Auxins, Gibberllin and Indole 1 3 acetic acid secreted by Azotobacter chroococcum. This possibly is helpful in nitrogen fixation and nodulation, which is beneficial to the prolonged survivability of Rhizobium japonicum in presence of media containing gums. Gums are extracted from the trees. Two different gums are used as carrier as gums are efficient in holding moisture even at high temperature. This gums are nutritive too.
Efforts have been made to inoculate seeds with multiple cultures to achieve increased efficiency in biological nitrogen fixation. Azotobacter chroococcum is a free living bacteria which fixes nitrogen in non leguminous plants by non symbiotic means, and Rhizobium japonicum bacteria fixes nitrogen symbiotically in leguminous plants. Azotobacter chroococcum is also known to synthesize certain growth promoting substances. (Jones and Greaves,1943; Brown and Walker, 1970) . The concept of mixed inoculation is that if Azotobacter chroococcum through production of auxin and gibberllins could stimulate the root growth and elongation, it would be presenting more area for rhizobia to infect the root system, there by bringing about more nodulation, nitrogen fixation and good yield of crop. It has been reported that Azotobacter chroococcum and other organism increase the nodulation and efficiency of rhizobia (Krasilinikov,1944) . Work of Jensen,1940; Lal and Acharya,(1953) ; Apte and Iswaran,(1971) have shown that there is increased survivality of Rhizobium in two or three member associations. Such syntropic associations are of great importance with implied agricultural significance. It is with this object in view that a study was undertaken to find out the associative effect of different strains of Azotobacter chroococcum and Rhizobium japonicum on nodulations and grain yield of soybean.
Soybean is one of the most important oil seed crops in the world. It contains 18 to 22% oil, highly desirable in diet and has 40 to 42 % protein.
Soybean protein provides all eight amino acids in the amount needed for human health; hence it is the best source of protein and oil and truly claims the title of the meat/oil on plants (Ali, 2010) .
despite the importance of the crop in the world as a rich source of protein and oil, the yield is generally very low. Poor soil fertility status is considered as one of the factors contributing to low yield. Unbalanced use of chemical fertilizers had led to a reduction in soil fertility and to environmental degradation (Gyaneshwar et al., 1998) and the cost of chemical fertilizers has increased so that it is unaffordable for developing country farmers. The microsymbiont of soybean Rhizobium japonicum is the highly efficient N fixer forming symbiotic association with soybean. According to Unkovich and Pate (2000) , the amounts of N2 fixed (kg ha 1) by soybean have been up to 450 Kg N ha 1. Thus soybean depends on its symbionts for a large part of its N requirements for effective growth and dry matter production.
The shelf life of a bio fertilizer also depends on the quality of the carrier. According to the "Handbook for Rhizobia" (Somasegaran and Hoben, Springer, 1994), the properties of a good carrier material for seed inoculation are: (1) non toxic to inoculant bacterial strain, (2) good moisture absorption capacity, (3) easy to process and free of lump forming materials, (4) easy to sterilize by autoclaving or gamma irradiation, (5) available in adequate amounts, (6) inexpensive, (7) good adhesion to seeds, and (8) good pH buffering capacity. Needless to say, (9) non toxic to plant, is another important property.
In present investigation gums are used as carrier. They are complex compound derived from carbohydrates. Specifically they are salts , either potassium , magnesium or calcium of acidic polysaccharides. Gums are having higher water holding capacity , easy to process , nontoxic, provide good adhesion to seed etc.. Earlier lignite , peat were used as carrier in which shelf life of the bio fertilizer were very less due to its less water holding capacity.
MATERIAL AND METHODS
The Rhizobium japonicum species were isolated from the root nodules of soybean grown in uninoculated field of Raisen district near Sehore, Balaghat, and Bhopal. The Soybean seed used in the investigation was provided by National seed corporation, Govindpura, Bhopal. Rhizobium species were maintained on yeast extract mannitol agar medium where as Azotobacter species were maintained at Jensen's nitrogen free agar medium. Culture used for seed treatment were grown in 50ml of respective broth medium in 250ml flasks. The field experiments was carried out by one strain of Azotobacter chroococcum in triplicates including control, from five different isolates of Rhizobium japonicum only two were used for the experiment in field near Raisen, M.P. The soil was medium black cotton having pH 7.2. The plot size was 2m*5m. Seed treatment and inoculation was carried out by taking 40gms seed/plot, 5ml mixed culture suspension having 10 9 cells/ml and 5ml of nutritive gum was used for adhesion with the seeds. The plants were uprooted for nodulation study after 70 days of sowing while grain yield was recorded after harvesting. The data are analyzed statistically in data 1, 1.1, 2 and 2.1.
Inoculant Preparation
The Rhizobium japonicum isolates were grown in the yeast extract mannitol broth medium in 250 ml flasks shaken at 125 rpm at 25°C (Somasegaran and Hoben, 1994). When subculture reached mid log phase, sterile medium was used to dilute the inoculums. Then the media was mixed with gums which was sterilized at 121°C at 15psi.
Similarly Azotobacter chroococcum, isolate was grown in Jensen medium in 250 ml flasks shaken at 125 rpm at 25°C for 7 to 10 days to reach the bacterial population of >10 8 cells/ml cultured broth (Kumar and Chandra, 2008) . Then the cultured liquid was mixed with sterile gums.
Site Preparation
The experiment was conducted at field near Raisen, M.P.. The Field has been under soybean plantation in the past year. The study was performed from June up to October which are the cropping season of soybean.
Field Layout
Treatments were arranged in a randomized complete block design with three replications, with a gross plot size of 4 m×4 m = 16 m 2 with six rows of plants and net plot size of 3 m×4 m= 12 m 2 with 4 harvestable rows. There were 18 different treatments for two different isolates of Rhizobium and one strain of Azotobacter ( Table 1) .
The fertilizer sources used were Trisuper phosphate (46 kg ha 1) and urea (46 kg ha 1) fertilizers for N and P. The fertilizer levels were adopted from conventional farmer's fertilizer recommendation level. Both fertilizer types were applied and incorporated into the soil before seeding, where applicable as indicated in treatment combination. The spacing between rows and plants was 60 cm and 5 cm, respectively with 1m spacing between each block.
Planting Method
Seeds were surface sterilized by immersion in 70% (v/v) ethanol for one minute followed by three minutes in 4% (v/v) sodium hypochlorite and rinsed six times with sterile distilled water as indicated in Somasegaran and Hoben (1994) were used. Surface sterilized and healthy seeds were soaked in sterilized distilled water for six hours. Then the moistened seeds were coated by different treatments and were sown in the field. The final harvestable population of soybean plants was 360 per plot.
Harvest and Data Collection
All plant samples in the experiment were taken by randomized uprooting of five plants in both sides of boarder rows from each plot. The first sampling was done at the late flowering and early pod setting for nodulation (nodule number, and nodule fresh weight). Soil adhering to the roots was removed by washing with tap water. Nodules attached to each plant root were removed and separately evaluated for the nodulation parameters. At maturity, all remaining plants from the middle four rows were harvested and seed yield per hectare were determined.
RESULTS
data's of two isolates out of five isolates of Rhizobium japonicum were statistically analyzed on nodulation (nodule numbers and nodule weight) and grain yield are also presented in data table 2, 3 and in figure 2.1 , 3.1. data revealed that number and weight of nodules increased significantly Moreover, combined inoculation was found to be more effective than inoculation with single microorganism by providing a more balanced nutrition for plants (Belimov et al., 1995) . dual inoculation increased yields in sorghum (Algawadi and Gaur, 1992), barley (Belimov et al., 1995) , and black gram (Tanwar et al., 2002) . Co-inoculation increased the number of nodule, nodule fresh weight per plant as compared to the un-inoculated plants. The highest number of nodules per plant was recorded in dual application of Rhizobium japonicum Rj(S)002 and Azotobacter chroococcum with guar gum as carrier which scored 40.33 nodules.
Consequently, a significance increase of 30, 40 and 41% was observed in yield of soybean, number and weight of nodules. Single inoculums failed to increase the grain yield. Co-inoculated plants with gum as carrier show a significant increase in yield in comparative to the co-inoculated plants with lignite as carrier.
Similarly, the increase in nodule number and weight was observed in gum liquid inoculums than in inoculums with lignite. There was a significant difference in yield between the two different gums. Guar gum as carrier was more suitable to achieve better crop growth, nodulation and yield in co-inoculation than Arabic gum. The growth in co-inoculation was enhanced by the gums, which were used as carrier.
CONCLUSIONS
Present study indicates the benefits of co-inoculation of Rhizobium japonicum and Azotobacter chroococcum. Significant increase in the number of nodules, grain yield in gum liquid inoculums in compared to the negative control was observed. dual inoculation with gums as carrier resulted in improved performance of seed control.
Therefore, we concluded that, dual inoculation of Rhizobium japonicum + Azotobacter chroococcum was found to be beneficial over chemical fertilizers and would be recommended as biological fertilizer for soybean production in M.P. In addition, for other parts of the country, similar experiments should be carried out to increase the yield of soybean, protect the environment from chemical pollutants and increase farmers' income through decreasing the production cost of soybean.
The Guar gum would also be recommended as carrier for bio-fertilizer. In high temperature biofertilizer in lignite could not survive due to low moisture holding capacity. To increase the shelf life of bio-fertilizer gums are used in place of lignite, peat etc.
